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SUlkiRY- 

Experiments on the low freq.uenoy calibration 
. of ribbon type velocity microphones by electrical • 
impedance, measurements have been extended to dia- - 
phraj.'jm type microphones. One of these microphones 
has been calibrated by this method as a standard of 
frequency response in the range 40 c/s to 200 c/s 
and the calibration confirmed by free-air measurements. 

The technique of calibrating ribbon microphones j, 
described in Report lfu009, has been improved and is 
now applicable to production testing. 



.IIjTEOPUGTIOK. 

Report H.OO9 described an experimental technique for de- 
termining the frequency response of a velocity ribbon m.icrophone 
up to about 1000 c/s hj measurement of its m.otional impedance. 
It "was noted, ho';/ever, that ribbon microphones are not suitable 
for primary standards since the requirem.ents of sm.ooth response 
and high mechanical stability are to som-G extent incompatible » 

The present report describes further work carried out on 
motional impedance calibra,tiono This work has been divided 
into two parts o The first of these concerns the establishment 
• of a diaphragm type prim,ary> standard on the lines indicated in 
paragraph 7 (c) of Report M«0095 while '^''''■^ second deals with 
m^odif ications made to the technique of calibrating ribbon 
microphones. , ' 
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^ COgS'-TEnCTIPg AIJIMIALISEATIOI OF jnAPHEAGlI TYPE STAirPAEI) 

MICEOPHOIE "''"" "'"'" ~~ ' ' """""■ "■"""■""" ""' 

General 

The basic requireraents of a diaphragm type microphone for 
motional, irapedanoe calilsration are (a) that the diaphragm and 
coil should move as a whole throughout the working frequency 
range, and (la) that effective olam.ping of the coil should he 
practicable , 

It is further desirable that the dimensions of the micro- 
phone should be small compared T/ith a wavelength at the 
highest frequency of interest. However, as pointed otit in 
Report 11,009, this is not an essential requirement since the 
effect of departures from, tho ideal condition are a function 
of the geonetrj*' of the sjrstem and can be ascertained once for 
all, 

To minimise the effect on the frequency response of small 
changes in the m^echanical constants, it is preferable that the 
resonance frequency of the movem.ent should lie ?fell outside 
the working frequency range, i.e, that the system should be 
either mass-controlled or stiff noss-controlled. It has not so 
far been. possible to prod.\xce a mechanically stable mass-con- 
trolled system to m^eet the other requirem^ents referred to, and 
for the present purpose it v/as therefore inecessary to use a 
stiffness-controlled system, 

A stiffness-controlled velocity microphone of the electro- 
magnetic type can be shown to have a frequency characteristic 
rising by 12 db per octave and the signal/noise ratio from such 
a microphone at low frequencies is likely to be poor. ^ To 
, obtain the raa.-ximum sensitivity, the stiffness of the system. 
should be kept as low ?.s possible consistent with the require- 
m-ent that the resonance frequency should fall outside the 
working range, in this case, above. 

Many of- these requirements could be met by a small cone 
loudspeaker unit of conventional typo were it not for the 
relatively poor mechanical stability of the materials commonly 
used in the construction of the cone and. suspension. Pre- 
liminary experiments, were therefore carried out with a 
S,T,' & G, 4017 moving coil microphone, ?/hich has a metal 
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diaphragiTi, the unit "being modified "to allovr sound to re<T,cIi 
■both sides „ The sensit-ivity ?7,"s^ feoTvever, very low- and it 
was difficult to clamp the raoverient effectively ¥/ithout risk 
of damaging the moving coilo Hov/ever, at this stage, there 
a.ppeared on the riarket a sniall iietcal d-i-aphragra loudspeaker unit 
which shovred iaore pronisoo The reiiainder of the investigation 
\?as carried out ?/ith units of this type, 

_De_s_cription - 

This loudspecafcer unit , ' Vita.vox type lOS/.]., is shovm in 
Fig. 1,' Being designed for naval use, it is exception;ally • 
robust and unaffected "by rioistureo .The light .alloy dinphra,gr.i 
is 2-g- ins. in dir.rieter and 3/8 ins. deep, and is corrugated at ' 
the circunf erence to give a higher coiiplia.nce to a.jr.ial novenent. 
The only non-metallic laoving part of the loudsiyeaJcer is the 
driving coil forner, which is of pa.per trea'ted with cellulose 
la-cquer. There is no centring spider, the stiffnessof the 
din,phragn -and surround rendering this unneocsscary . The dia- 
phragn is protected hy perforated guards at front e.nd^ hr^cfc. 
The nominal impedance of the unit is 3 ohns. 

The funda-mental resona,ncG of this loudspeaker occurs a,t 
750 g/s J the diaphr-agn can therefore he expected to move as <a 
whole up to this frequency at least. If the diffraction round 
the unit is rassuried to he the sa-ne as for a- disk of the sa-ne 
dian.eterj the force exerted on the diaphra.g*: hy sound c?-n he 
shown to be accurately proportional to frequency (witliin +_ l^o) 
up to 750 c/s . 

E^xperin_onta,l Proc_edure ■ , 

The circuit used for calihra,tion is shown in Pig, 2 in which 
the component numbering corresponds with that in the circuit of 
Fig, 1 in the first report. It was thought that with the higher 
impedance of the r^oving coil the effect of stra.y inductr,nces 
would be less serious than in the case of a nicrophone ribbon and 
the dmamy loa.d Z2 of the origina.l circuit ha.s been replaced bj/- ?» 
resista,nce E9 • "'''0 obtain the best possible signa,l/noise ra,tio 
at low frequencies J condenser CI origina,lly connected in series 
with the input to the bridge is omdtted. The driving force 
•applied to the loudspetaker is now constant instead- of being pro- 
portional to frequency^ this fact is taien into r.ccount in 
carriving at the acoustic resx)onse« 
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The Gxtjerimental procedure vnia simil.'T.r to that ^©sc^i'ibed 
in the first report, Fortunatolj^ the elerient of the loud- 
speaker , unlike thnt of n. ribbon rdcrophono, behnveia- subst.in- 
tially as a system v/ith. lumped constants in the frequency- 
range of interest^, the response curve is therefore smooth 
and requires relativ(3l,y few oxperiuental points to define it = 

Metho d of C_la i;^ing 

Some difficulty v/as experienced in designing an effective, 
yet siinple, rieans of clamping the noving coil during the ad- 
justment of the static inpedance balance. Such a clanp nust 
pernit not ,nore than, say, ifo of the free riovenent and ^raust 
be quickly and easily released. In addition it nust not 
affect the acoustic properties of the microphone in tho "free" 
position. Preliminary tests showed that to be full;;r 
effective the clamp m-ust be applied to the driving point of 
the system., i,a to the coil itself, and the arrangom.ent shown 
in Fig, 3 was therefore devised, 

'Calibration of First Model 

The first attempts at calibration were miade with the 
macrophone unm.odified save for the addition of tho clamping 
device, . ^ 

The m^otional imitiedance of tho sj^stem wss, found to be too 
low to be m.easured ?/ith the reqiiired accuracy. The chief 
sources of error T^ere residual m.over.ent of the coil ?;hon 
clamped cand the effect of tem:perature fluctuations on the 
resistance of the coil, Ilore effective clamping could only 
be obtained Jjy increasing the pressure on the coil to the 
point where the resulting deform.ation caused a small but 
troublesom.e change in the electrical resistcanco. In 
addition, to obtain an accuracy of .+_ 0,1 db in the cali- 
bration at the loiffer end of the frequency range it would 
have been necesstary to balance cut the static imipedance of 
the coil to an accuracy of tv/o parts in 105, It 7/as not 
practicable to .keep the temperature variation small enough 
to allav; this accuracy to bo obtained. 
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Modification to Surround 



The difficulties associated T/itli clanping and- T\ritli 
tenperature -variations can botb be decreased by reducing tlie 
mechanical inpedanco of the diaphragrij thus increasing tie 
efficiency and hence the motional inped-ance. The fixed 
errors J due to the ineffectiveness of the cla.nping a,nd to 
variations in tonperature .of the coil, then hecone a, snallor 
proportion of the increased notional inpeda.nceo The stiff- 
ness of the ■ di-a,phra,gri suspension was therefore' reduced by 
cutting' a¥;ay most of the surround^ leaving only four strips 
each about l/8 in, widOo This reduced the funda,nental 
resonance frequency to 36O 0/35 the increase in efficiency 
wa,s thus obtained at the cost of a restricted upper frequency 
range,' With this nodif icationj the clariping arrangenent 
shown in FigS', 1 and 3 was found to be adequate ^ the F^overient 
of the coil at all frequencies of interest being reduced to. 
less than 0.5^0 of its "free" value, , The effects of tenpera- 
xure variations were no| longer serious ^ but as a,n. estra pre™ 
caution, steps were 'taken to avoid large cbangcs in anbiont 
temperature during the neasurenents. 

Results of Calibration ' 

The plane wave frequency response of the /nicrophone , as 
determined by the notion.al impedance measurem.ent^ is shown in 
Fig, 4, . Below 200 c/s, the slope of the. response curve 
approxiD-ates to 12 db/octave which f/ould be obtaine.d from a 
purely stiffness-controlled system. The slight rise, in 
response beloT/ 65 .c/s. indicates that the complia.nce of the 
susx)ension is not quite constant^ presup..ably because t.he 
effective le-nguh o.f the suspension strips is reduced ¥/ith 
increasing frequency as the effect of the mass of the strips 
becop.es appreciable. To obtain a, m.oro open scale, it is con- 
venient to use a line having a positive slope of 12 db/oGt<ave 
as datum. This has been done in Fig, 5(f-) ^o^ "t-i^ freo,uenoy 
range up to 25O c/s„ ~ 

Freej-Air_J?ests . ' 

Tiie absolute sensitivity of the- m.icrophone T/as determined 
-by outdoor m-easurenents between 40 c/s to 25O c/s. The 
results are sho^rn in Fig, 5(b), a slope, of 12 db/octave being 



again used, as a clatun line. The notional inpedanco neasuro- 
riGnt does not give the ahsolute sensitivity of the nicroT)hone 
and the vertical scales for curves 5(^) "'^'^^ 5(^) ^'^'^ there- 
fore lined up arbitrarily. The shape of those tvo curves 



shows good agreenent , 



. The useful frequency range of 'this nicrophone is ahout 
40 c/s to 200 c/s, the lovver liriit heing, set by the falling 
sensitivity, and the upper linit by the. rapid rise in response 
as the resonance frequency is .approached. This range, 
though only about 2 1/4, octaves, covers that frequency band 
in which a velocity standard is Host necessary. At 40 °/s, 
the open-circuit, sensitivity measured a.cross the 3 ohn coil 
and related to a zero of 1 nV/dyne/cni^ is -131. "^.b, a figure 
which is low but adequate., • 



II- MOjDIFICATIOHS IS TEGHIiqUE OF TESTBIG RIB30I ' . 
MICROPlfogEf ' ' ^•"'■"""■" ,-"'■'" — 

General • 

In view of probable developnents in ribbon nicrophone 
design, the possibility was considered of carrying out 
routine tests on such nicrophones using a. notionr.l inpcdance. 
bridge in conjunction with a level, recorder to obtain fre- 
quency response curves. To facilitate tests of this kind, 
the experinental technique described in the first report 
was slightly nodified as described below, 

Br i^dge Circuit .. ' 

As a result of experience in operating the notiona.1 
impedance bridge, e. chtange Wcas made in the -method of elimi- 
nating residual reactance unbalance. A slight degree of 
: unbalance of this .kind can be approximately, compensated over 
the. frequency range concerned by adjustn.ent of the condenser 
C2 (Eeport 11,009 Fig" l) connected across El or E2, V/herc 
a greater degree of reactance unbalance is present, however, 
it is necessary to provide variable condensers across both 
El and E2 if the static balance is to hold good over the 
entire frequency range of interest. In theory, the bridge 
then requires to be .adjusted with 'the tone source set 
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alternately nt two different frequencies to secure iDaljance over 
the ■ entire' "bando llov/everj once an initial balance has been 
obtained for the funda,ment;il frequency applied^ a,ny harmonics 
present in th9 tone source output become audible at the output . 
of the bridgei and the final adjustment can usually be effected, 
by balancing alternately on fundanental and on harmonics until 
both are rediaced to a minimum. 

Clamping of Ribbon , > 

■ A change was also made in the method of holding the ribbon 
stationary during adjustment of the sta,tic balance. The method 
described in the first report requires r, clamping block T/hioh 
fits *e.ccura,tely between the poles of the microphone magnet a,nd 
which c?ai be readily withdra,wn without dar.aging the ribbon.' 
There is no difficulty in m.eeting this requirement in the case 
of a laborPvtory stfandard vrtth pole pieces of the form used in 
the ilXBT microphone but practical difficulties m.ay a,rise if the 
method is applied to microphones h .aving a, different form of 
mxagnet system, the dimensions of which will be subject to 
production variations.. Moreover^ effective mechanical restraint 
ca.n only -be obta,ined if the ribbon corruga.tions can be fl.attened 
against the clp.m.ping block v/ithout perm.anent deformation and not 
all forms of ribbon lend themselves to this treatment. 

An alternative method of preventing' ribbon motion wr,s 
therefore adopted, the principle of which is to im.merse the 
ribbon in a m.edium of high acoustic iiTipedance. For reasons 
of efficiency J microphone ribbons ard so designed that their 
mechianical imipedance is of the sam.e order as that of the load 
imposed on them by the surrounding a.ir. Any of the com.mon 
liquids has a density of the order of 1000 times that of air 
and the substitution of such a liquid for air will therefore 
reduce the ribbon m.otion to negligible proportions. It is^ 
of course J essential that no trace of tlio liquid should remain 
on the ribbon when the m.otional im.pedance is being mea,sured 
and the substfince used m.ustj therefore, bo reasonably volatile. 
Ethyl ether was first tried^ but the rapid evaporation from 
the exposed surface of the liquid lowered the temperature of 
the ribbon sufficiently to-upsot the static resistance balance. 
Eventually a m.izture of benzene and carbon tetrtachloride wa 
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adopted.! tliis liquid doeKS not evaporate fast ennug'li to cause 
.serious tenperature changes hxit leaves the riljlDon dry in 
tlitee to five ninutes. 

To avoid disturbing tlie low inpedance bridfjo connections 
to tlie ribbon y the nicrophone under tost is fised, and the 
bath containin/j the benzene-carbon tetrachloride nisture is 
raised into position and ?/ithdrawn as required,, To prevent 
dana/:je to the ribbon fron excessive .deflection vrtaon the bath 
is being noved, the nicrophone is nounted vertically. 

With these r-odifications in technique the tracing of a 
low-frequency response . curve becories a sinple operation tri,kin;'j 
sone 10 ninutes to oonpleto. It is not necessary to preserve 
silence during the process and neasurenents have been nade in 
a roon in which a loudspeaker was reproducin,f^ pro;r;ra: r^o at 
nornal listening level. The netaod has been used in develop- 
nent T/ork reqiiiring over 100 curves and there is no reasnn why 
a sinilar procedure should not be adopted v/henever a routine 
check of low-froquency response is necessary. 

Conclusion ' 

An esperinental diaphragn type velocity nicrophone 
standard has been constructed and calibrated by notional 
inpedance .neasurenents , The useful frequency range e3:tends 
.up to 200 c/s,and the sensitivity^ while lorf^ is adequate for 
laboratory neasurenents dovm to 4'-' o/s. 

The experinental technique for calibrating ribbon 
velocity i-'dcrophones has been inproved, . The nethod has boon 
used extensively in, developnont Y/ork, involving large nunbors 
of frequency response curves in the region below 1000 c/s and 
oould be applied to routine testing. 
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FIG. I 

MOVING COIL UNIT MODIFIED FOR MOTIONAL IMPEDANCE CALIBRATION 



ISSUE 

\ 

U 4-50 



J 



Im 




o 



OJ 



^*r 



-?M4^ 
















■WW^ 









« — • 



t0 o 




* 



H 



I — ywv-p/W\M 



U 

gc 
o 

O 

9 

d 

CM '^ 

u 

Q. 

2 



< 
Z 

e 

o 

2 



PS/1/OC I 



CALIBRATION OF VELOCITY 
MICROPHONES BY MEASUREMENT 
OF MOTIONAL IMPEDANCE. 



RESEARCH 



DEPT 



DR'N WH 

; T" 

CHDUV 



APD 



REPORT 



M.009/2 

S SHEETS No>Z 



ISSUE 
i 
U-4-50 



- 5 
o e 

-^ n W r- 



C m 

O 






o 



•J '- 

O. Pff 

*" o 

c 

i:5 



2^ 






c 
t) — c 

h» M 

O rt ■" 

c o. n 



BBC 



DS/1/SC 



DO NOT SCALE 




SPEECH COIL 

FORMER 





SPEECH COIL CLAMP 

FIG.3 



CALIBRATION OF VELOCITY 
MICROPHONES BY MEASUREMENT 
OF MOTIONAL IMPEDANCE. 



RESEARCH 



DEPT 



DRN 



CH'D 

AP'd' 



f 




REPORT 



M.009/2 

5 SHEETS No .3 



This drawing/ 5pe(-'fic3tion is ihe property of the Bridsh 
Broadcasting Corporation and may noc be reproduced 
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OUTPUT OF VITAVOX UNIT TYPE I084 USED AS VELOCITY MICROPHONE. 
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OUTPUT OF VITAVOX UNIT TYPE I084 USED AS VELOCITY 
MICROPHOts lE PLUS t2db/OCTAVE SL OPE. 
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